Objective: To compare PAMG-1 and phIGFBP-1 tests in predicting impending spontaneous preterm delivery within 7 days upon presentation in pregnant women with symptoms of preterm labor. Study Design: From September 2014 to April 2015 women with singleton gestation, symptoms of preterm labor, GA 22 -35, participated in this prospective cohort study upon admission. Recruited patients had intact membranes and a minimal cervical dilatation of ≤3 cm. Vaginal swabs for phIGFBP-1 and PAMG-1 were taken in addition to routine treatment. Biochemical test results were blinded and had no effect on management of patients. Results: A total of 96 patients were screened for inclusion into the trial; 57 met the inclusion criteria for final analysis. The PAMG-1 test was positive in 5.7% of patients, while phIGFBP-1 test was positive in 29.8% of patients. The prediction of spontaneous preterm delivery within 7 days of admission in patients with a cervical length < 25 mm (30%), the PAMG-1 test and phIGFBP-1 test showed a SN of 100% and 100%; SP of 83.3% and 50.0%, (p ≤ 0.05); PPV of 71.4% and 45.5%; and NPV of 100% and 100%. 89.5% of women who received corticosteroids and 84.2% of women who received tocolysis did not go into preterm labor within one week. Conclusion: Our study supports the high negative predictability of biochemical tests to rule out spontaneous preterm labor in patients with a short cervix. However, our study strongly suggests that the PAMG-1 test is more accurate for predicting imminent spontaneous preterm delivery as compared to phIGFBP-1. These findings can significantly reduce economic burden caused by unnecessary admission and treatment of patients suspected of preterm labor. Such a reduction in the use of corticosteroids and tocolytics would lead to a reduction in the short and long term health effects associated with the use of 
Introduction
The worldwide preterm birth rate ranges from about 5% in several European countries to 18% in some African countries [1] . Up to 50% of preterm births are directly preceded by preterm labor (PTL). As many as 28% of pregnant patients presenting with signs and symptoms of PTL are admitted to the hospital [2] , but only as few as 5% of these women will deliver within 7 days [3] [4] . Therefore, approximately 85% of patients admitted to the hospital for impending PTL do not deliver within the next 7 days [5] . This statistic highlights the urgent need for more accurate ways to identify those women with a true risk of impending spontaneous preterm birth (PTB), defined as birth prior to the completion of the 37th week of gestation, to avoid unnecessary administration of potentially harmful therapeutics. Use of tocolytics, particularly beta-mimetic drugs, is known to have serious side effects such as tachycardia, cardiac arrhythmia and pulmonary oedema [6] . Corticosteroids are administered for lung maturation and can lead to unwanted long-term effects if administered multiple times [7] . Therefore, it is important to time their administration within seven days of delivery to have the optimal impact on the fetus.
Traditionally, the diagnosis of imminent spontaneous PTB includes suggestive symptoms of PTL, such as suspected amniorrhexis (or rupture of the fetal membranes [ROM]), uterine activity, abdominal discomfort, change in vaginal discharge, bleeding, or cramping. Patients who have a confirmed diagnosis of ROM, typically deliver within 7 days of presentation [8] . However, in patients who have clinically intact membranes prognosis of delivery that is not as obvious. Clinical symptomatology alone is usually insufficient for prediction [9] and therefore rarely used alone. In general, research has shown that the shorter the cervix, the higher the risk for preterm delivery and vice versa [10] . Consequently, in many European countries transvaginal ultrasound (TVU) for the measurement of cervical length is frequently used to assess the risk of preterm birth in patients with impending preterm birth [11] . The use of biochemical tests, therefore, often depends on whether cervical length falls in the non-obvious 15 to 30 mm range, which accounts for roughly 55% of patients presenting with suspicion of PTL [12] [13] .
As a result of such drawbacks, both biophysical and biochemical markers have been employed to help reduce the level of uncertainty in predicting imminent spontaneous PTB among these symptomatic patients. The extent to which they are used varies widely by geography and institution. The American College of Obstetrics & Gynecology (ACOG) reported that the positive predictive value of a posi-tive fetal fibronectin test result or a short cervix alone is so poor that neither should be used exclusively to direct management in the setting of acute symptoms [14] .
To date, several studies have investigated commercially available biochemical marker tests including the fetal fibronectin test (fFN; QuikCheck/Rapid fFN™, Hologic, USA), phosphorylated insulin-like growth factor binding protein test (phIGFBP-1; Actim Partus™, Oy Medix Biochemica Ab, Finland), and the placental alpha microglobulin-1 test (PAMG-1; PartoSure™, Parsagen Diagnostics, USA) [9] [15] [16] . The tests are designed to detect the presence of specific biochemical markers associated with preterm birth at concentrations higher than those found in background cervicovaginal fluids. A smaller subset of studies has compared directly the performance of these tests to each other, and while the fFN and phIGFBP-1 tests have proven comparable in several studies [17] , the PAMG-1 test was found to be significantly more accurate than the fFN test [18] .
The purpose of the present investigation was to compare the PAMG-1 and the phlIGFBP-1 tests in predicting impending spontaneous preterm delivery within 7 days upon presentation of pregnant women with symptoms of preterm labor, with and without a short cervix.
Methods
Patients were eligible to participate in this prospective cohort study upon admission at a tertiary perinatal centre (University Hospital Gynecology and Obstetrics, Skopje, Macedonia) between 22 and 34 6/7 gestational weeks. They were admitted to the High Risk Pregnancy Unit with symptoms or complaints suggesting preterm labor including uterine contractions and intermittent lower abdominal pain at the time of admission. A total of 96 patients were screened for inclusion into the trial. Recruited patients had intact amniotic membranes determined by speculum examination and a cervical dilatation of ≤3 cm determined by digital examination.
Women were excluded if they had multiple pregnancies, ruptured membranes, antepartum hemorrhage, active labor, or cervical cerclage. As the primary endpoint of the study was spontaneous preterm delivery within 7 and 14 days, defined as preterm birth after premature rupture of membranes or spontaneous labor irrespective of mode, subjects with non-spontaneous deliveries within 14 days were 
Results
A total of 96 patients were screened for inclusion into the trial. 72 (75%) of these patients met initial inclusion criteria. Upon review of the final delivery records of these 72 patients, an additional 15 (21%) patients whose delivery was not proceeded by either premature rupture of membranes or spontaneous labor within 14 days of presentation were excluded. Thus, 57 of 72 patients (79%) who met the initial inclusion criteria were included in the final analysis.
The median maternal age of patients included in the final analysis was 27 years. The median gestational age at presentation was 31 weeks, whereas the median gestational age at delivery was 37 weeks. The median cervical length via transvaginal ultrasound was 28 mm. While 38 (67%) patients received tocolytic therapy and 38 (67%) patients received corticosteroids, not all patients who received one received the other. While only 6 (11%) patients delivered spontaneously within 7 days of presentation, 16 (28%) patients delivered spontaneously prior to the completion of the 33rd week of gestation. Table 1 outlines these patient characteristics. In the overall study group (n = 57), the PAMG-1 test was positive in 10 (5.7%) patients, while the phIGFBP-1 test was positive in 17 (29.8%) patients. In the group of patients with cervical length < 25 mm (n = 17), the PAMG-1 test was positive in 7 (41.2%) patients, while the phIGFBP-1 test was positive in 11 (64.7%) patients. For the prediction of spontaneous preterm delivery within 7 days upon admission, the PAMG-1 test, the phIGFBP-1 test, and cervical length measurement (using a cutoff of 25 mm) displayed a sensitivity (SN) of 83%, 83%, and 100%, respectively; and a specificity (SP) of 90%, 76%, and 71% (p = 0.0082), respectively. The positive predictive value (PPV) was at 50%, 29%, and 29%, respectively; and the negative predictive value (NPV) at 98%, 98%, and 100%, respectively. Table 2 illustrates these results. Figure 1 outlines the comparative performances of the PAMG-1 test and the phIGFBP-1 test in predicting spontaneous preterm birth within 7 days upon admission.
For the prediction of spontaneous preterm delivery within 14 days upon admission, the PAMG-1 test, the phIGFBP-1 test, and cervical length measurement (using a cutoff of 25 mm) displayed a sensitivity (SN) of 67%, 67%, and 78%, respectively; and a specificity (SP) of 92%, 77%, and 71%, respectively. The positive predictive value (PPV) was at 60%, 35%, and 33%, respectively; and the negative predictive value (NPV) at 94%, 93%, and 94%, respectively. Table 2 shows these performance results.
As is displayed in Figure 2 , the prediction of spontaneous preterm delivery within 7 days upon admission in patients with a cervical length of less than 25 mm, the PAMG-1 test and phIGFBP-1 test showed a sensitivity (SN) of 100% and 100%, respectively; and a specificity (SP) of 83% and 50%, respectively (p = 0.0455). The positive predictive value (PPV) was at 71% and 45%, respectively; and the negative predictive value (NPV) at 100% and 100%, respectively.
In addition, Table 3 illustrates results. For the prediction of spontaneous preterm delivery within 14 days upon admission in patients with a cervical length of less than 25 mm, the PAMG-1 test and the phIGFBP-1 test displayed a sensitivety (SN) of 83% and 83%, respectively; and a specificity (SP) of 82% and 45%, respectively; the positive predictive value (PPV) was at 71% and 45%, respectively; the negative predictive values (NPV) at 90% and 83%, respectively. Table   3 shows these results.
In 38 (67%) of women corticosteroids were administered. Of these patients only 4 gave birth preterm within 7 days and 2 more within 14 days. Thus, 89% of patients given corticosteroids did not go into preterm labor within one week, and 84% of women within two weeks. Of 38 (67%) patients that received tocolytic therapy, 6 patients delivered preterm within 7 days and only 1 gave birth within 14 days. Thus, 84% of patients given tocolysis did not go into preterm labor within one week, and 82% within two weeks.
Discussion
Our study revealed that only 29% of patients presenting with (i) symptoms of preterm labor, (ii) with a sonographically short cervix (<25mm) and (iii) who were admitted to the hospital, delivered within 7 days. Of those women who did not go into preterm labor (a total of 71%) 82% received a combination of tocolysis, corticosteroids and/or antibiotics. By administering corticosteroids unnecessarily, the subsequent effect of an additional round, if administered when truly needed, may be compromised [19] [20] . Administering tocolysis needlessly can have a negative impact on maternal, fetal, and neonatal outcome [6] [21].
Thus, there is an important need for a test to accurately identify patients that are truly at risk for impending spontaneous preterm delivery. In accordance with previous literature on biochemical marker tests in high risk patients with a short cervix, our comparison of PAMG-1 and phIGFBP-1 tests showed high negative predictive values (100% for both tests for delivery within 7 days; 90% and 83% for delivery within 14 days, PAMG-1 test and phIGFBP-1 test, respectively). However, in this first ever direct comparison of the PAMG-1 and phIGFBP-1 tests, our data suggest that the PAMG-1 test is a more accurate predictor of imminent spontaneous preterm delivery with 7 days, with respect to positive predictive value (71% vs. 45%, respectively) and specificity (83% vs. 50%), which was found to be statistically significant (p < 0.05). This finding is supported by test performance in the entire study group (i.e. not only patients with a cervix less than 25 mm), wherein the PAMG-1 test was found to be more accurate than the phIGFBP-1 test across specificity (p < 0.01), positive predictive value and negative predictive value. This finding is further supported by previous studies investigating the PAMG-1 test specifically in patients with impending preterm labor and a cervical length less than 25 mm, which reported a positive predictive value of 75% and a specificity of 89% for the PAMG-1 test [18] .
Assuming that patients with a short cervix (<25 mm) and a positive biomarker test would be admitted to the hospital, and that patients with a short cervix and a negative biomarker test would be discharged from the hospital, our data suggest that 57% of additional patients would be admitted unnecessarily to the hospital if the phIGFBP-1 test were to be used instead of the PAMG-1 test. The present investigation could have benefited from the addition of a cost analysis to determine the financial impact of different treatment modalities and admission rates based on the contingent results of biochemical tests after ultrasound. A recent systematic review and meta-analysis conducted by Conde-Agudelo et al. on the phIGFBP-1 test, which reviewed 18 independent studies reporting the performance of phIGFBP-1 for predicting imminent spontaneous preterm birth within 7 days of presentation, concluded that there was insufficient evidence to recommend the routine clinical use of the phIGFBP-1 test in women with symptoms of preterm labor [22] .
Despite the plethora of information in support of combining cervical length measurements and biochemical test results, the majority of non-European countries do not have the luxury of universal access to cervical length screening of symptomatic women. As a result, clinicians in these regions of the world, most of which are underdeveloped and low-resource, rely much more heavily on biochemical test results. Thus, it is for this portion of the world that this study may provide the most relevance when deciding which biochemical test to use. Further evaluation with discharging women based on biochemical test alone results and following outcomes will be interesting to research.
In conclusion, our study supports the high negative predictability of biochemical test methods to rule out spontaneous preterm labor in those patients with a short cervix, in line with previous literature. However, our study strongly suggests that the biochemical PTL test based on the detection of PAMG-1 is the more accurate test for predicting imminent spontaneous preterm delivery as compared to the phIGFBP-1 test. These findings can be applied to significantly reduce the economic burden caused today by the unnecessary admission and treatment of patients suspected of preterm labor, particularly in low resource settings where cervical length via transvaginal ultrasound is not available. Such a reduction in the use of corticosteroids and tocolytics would lead to a reduction in the short and long term health effects associated with the use of therapeutic drugs like corticosteroids, antibiotics and tocolytics.
